
'3 
a 

SMALL FUEL CELL TO ELIMINATE PRESSUlRE 
CAUSED BY 6ASSlW6 IN HI68 ENER6Y 

DENS ITY B ATTE RI E$ 

PROGRESS REPORT FOR PERlMJ 
30 DECEMBER 1965 TO 31 MARCH 1966 

UNDER CONTRACT HAS 5-3534 
i a  
8 

1 
: 
I 
I 
I 
I 

A S T R O P O W E R  L A B O R A T O R Y  
21 21 CAMPUS DRIVE NEWPORT BEACH, CALIFORNIA 

MISSILE & SPACE SYSTEMS DIVISION 
D O U G L A S  A I R C R A F T  C O M P A N Y ,  I N C .  
S A  N T A  M 0 N I C A I  C A L I  F O  R N I A  

GPO PRICE $ 

CFSTI PRICE(S) $ 

Hard copy (HC) 
# m Microfiche (M F) 

ff 653 July 65 



Report  SM -48457- Q3 

SMALL FUEL C E L L  TO ELIMINATE PRESSURE 
CAUSED BY GASSING IN HIGH ENERGY 

DENSITY BATTERIES 

P r o g r e s s  Report fo r  Per iod 
30 December 1965 to 31 March 1966 

Contract NAS 5 -9594 

P repa red  by: 

H. F r a n k  
Research  Scientist 

Approved by: 

C.  Be rge r ,  P h . g .  
Head 
Elec t rochemis t ry  
Department 

M. P. S t r ie r ,  Ph.D. 
Senior Re search  Scientist 

MISSILE & SPACE SYSTEMS DIVISION 
ASTROPOWER LABORATORY 

Douglas Aircraft  Company, Inc. 
Newport Beach, California 



SUMMARY AND CONCLUSIONS 

This program is concerned with evaluating miniature fuel ce l l s  fo r  p r e -  

venting the build up of high p r e s s u r e s  in sealed silver-zinc ba t te r ies .  

power miniature fuel cel ls  pe r fo rm this function by electrochemically con- 

suming the gases  generated within these bat ter ies  during operation and stand. 

In the process ,  t:ie miniature cel ls  a l so  deliver e lec t r ica l  energy that may be 

used for an auditory warning o r  telemetering response indicating bat tery gassing. 

As t ro-  

The experimental  p rog ram during this repor t  period consisted of 

initiating p r e s s u r e  relief t e s t s  on miniature fuel cel ls  in 15- Ah s i lver  -zinc 

ba t te r ies  as well as continuing life tes t s  of miniature fuel ce l l s  in ba t te ry  

simulators. 

finding; that minia-ture fuel cel ls  can effectively limit p r e s s u r e  r i s e  in the 

15-Ah ba t te r ies  tes ted under various cycle regimes and that the miniature 

ce l l s  exhibit long continuous operational life (over 5500 hours  to date). There  

is evidence that these same  miniature fuel ce l l s  can be used effectively in still 

l a rge r  silve r-zinc ba t te r ies  and that they exhibit significantly long life capability. 

The most 'significant results obtained during this period were  

P r o g r e s s  and significant resul ts  obtained during this quarter  a r e  sum- 

m a r  ized be low. 

1. Miniature fuel ce l l s  can effectively l imit  p r e s s u r e  r i s e  in com-  
mercial ly  available s i lver  -zinc ba t te r ies  and extend useful bat tery 
life. 

2 .  Two miniature fuel cel ls  a r e  required fo r  complete control of in te r -  
na l  p r e s s u r e  in a sealed s i lver-zinc battery.  One must  be available 
to consume hydrogen and the other to consume oxygen; both gases  
a r e  generated in appreciable quantities in these ba t te r ies  during 
cycling. Two miniature fuel cel ls  with 1.0 cm active electrode 
a r e a s  have been demonstrated to be capable of consuming a l l  the 
hydrogen by one fuel ce l l  and a l l  of the oxygen by the other  fuel 
ce l l  generated in a Yardney 15-Ah high rate  bat tery under various 
discharge and charge regimes and a l so  on stand. 

2 

3 .  Functionally of miniature fuel ce l l s  with active electrode a r e a s  
ranging f r o m  0.25 to 5.0 cm2  has been demonstrafed for  extended 
operating t imes  in the open gas flow mode without wicking of 
product water.  
operation in this mode in bat tery s imulators  with operating t imes  

Eight miniature ce l l s  have been in continuous 
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ranging f r o m  1800 to over  5500 hours.  Since this manner  of opera-  
tion i s  m o r e  seve re  than would be encountered in a ba t te ry  applica- 
tion, even longer life may  be expected in ba t te r ies .  

4. Functionality of miniature fuel cel ls  with active electrode a r e a s  
rangi9g f r o m  0.25 to 5.0 cm2 has  been demonstrated for  extended 
operating t imes  in the dead end gas  flow mode with product water  
wicked to a simulated ba t te ry  electrolyte.  
been in continuous operation in this  mode with operating times 
ranging f r o m  300 to over  3000 hours.  

Six miniature  cells have 

5. A relationship has  been established between miniature  fuel ce l l  open 
circu.tt voltage and hydrogen concentration in an  anodic gas  mixture  
of hydrogen and oxygen. This  relationship should b e  ve ry  useful in 
deterinining internal  gas  composition. A s  might be expected, open 
circu:tt voltage increased  gradually with increasing hydrogen con- 
centration from 0 to  867’0 H2. At this  concentration level, the open 
circu:.t voltage was found to increase  sharply (a five-fold increase)  
with increasing hydrogen concentration to 1.0 volt. 
l00’?70 hydrogen, the open c i rcu i t  voltage again increased  gradually 
with inc r easing hydrogen c onc entration. 

From 86 to 

6. Functionality of miniature fuel cel ls  has  been demonstrated for  ex- 
tended operating t imes  (at  least  one month) on mixtures  of hydrogen 
and oxygen in the anode and pure oxygen in the cathode. As antici-  
pated,  e lec t r ica l  output is lower for  decreasing anodic hydrogen 
concentrations . 

7 .  A relationship between s i ze  of miniature fuel ce l l  electrode and its 
capability of consuming evolved bat tery gases  is  being authenticated 
through longer duration t e s t s .  Cells with c r o s s  sectional e lectrode 
a r e a s  of 0.25, 1.0,  and 5.0 cm2  have been shown to be capable of 
consuming hydrogen continuously at ra tes  of 0.5, 2 . 1  and 10.6 c c / h r  
respectively fo r  at least  3000 hours  continuously. 
significantly higher gas consumption r a t e s  a r e  possible over shor te r  
periods of t ime.  

Fu r the rmore ,  
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1.0 

2.0 

3.0 

4.0 

5.0 

TABLE O F  CONTENTS 

INTRODUCTION 

TECHNICAL DISCUSSION 

2. 1 
2.2 Performance Tes t s  on Bat te r ies  

Deszription of Miniature Fue l  Cells 

2.2. 1 
2.2.2 
2.2.3 

Operation without Miniature Fue l  Cel l s  
Operation with Miniature F u e l  Cel ls  
Gas sing During Initial Discharge 

2.3 Life Tes t s  

2.3. 1 
2.3.2 
2.3.3 

Open End Flow without Wicks 
Dead End Flow with Wicks 
Fue l  Cel l  Size Versus  Gas Consumption 
Capability 

2.4  Hydrogen Oxygen Mixture Studies 

2.4. 1 
2.4.2 Chemical and Electrochemical Reaction 
2.4.3 

Operation with Mixtures in Anode 

Effect of Mixtures on Open Ci rcu i t  Voltage 

PROGRAMFORFOURTHQUARTER 

PROJECT PERSONNEL 

NEW TECHNOLOGY 

REFE RENC E S 

SM - 484 5 7 - Q3 

1 

2 

2 
2 

7 
7 

12 

12 

16 
18 

20 

2 1  

22 
22 
2 4  

26 

27 

28 

29 

i v  



LIST O F  ILLUSTRATIONS 

1 

2 

3 

4 

5 

Jack-Type ( P r e s s  Fit) Connection of Miniature 
Fue l  Cel l  to Actual Ag/Zn Bat tery 

Screw-Type Connection of Miniature Fue l  Cel l  
to Actual Ag/Zn Bat tery 

Deep Inser t  Type of Miniature Fuel  Cell 
Connection to Actual Ag/Zn Bat tery 

Applicaticn of Single Miniature Fue l  Cel l  as P r e s s u r e  
Controllei. f o r  Three  Ag/Zn Bat ter ies  by Means of 
Manifolding Arrangement 

Relief of l?ressure in Silver-Zinc Bat tery with 
the Use of' Micro Fue l  Cel l s  

Schematic Diagram of Open Flow Tes t s  

Schematic Diagram of Dead End Flow T e s t s  with Wicks 

Dual Fue l  Cel l  Arrangement in Bat tery Simulator 

Effect of Composition of Anode Gas on Open Circui t  
Voltage of  H2-O2 Fue l  Cel l  

LIST OF TABLES 

I Cycle T e s t s  on Silver -Zinc Bat ter ies  Containing 
Miniature Fue l  Cells 

I1 Life T e s t s  of Miniature Fue l  Cel ls  in Open Flow 
Mode of Operation (without Wicks) 

I11 Polarization Data of Miniature Fue l  Cel ls  on Life 
T e s t  a t  End of Third Quarter  

IV Life T e s t s  of Miniature Fuel  Cells in Dead End 
Mode of Operation with Wicks 

3 

4 

5 

6 

11 

1 7  

19 

23  

26 

8 

13 

14 

15 

SM-4845 7 - Q3 



1.0 INTRODUCTION 

Most high energy density ba t te r ies  a r e  known to be subject to the phe- 

nomena of gassing.‘” This involves the formation of hydrogen, oxygen o r  

both within the ba t te r ies  by any of s eve ra l  mechanisms. 

position of active electrode mater ia l s ,  liberation of adsorbed o r  absorbed 

gases , ,  o r  internal  electrolysis.  Gassing may occur  during a l l  modes of opera-  

tion including charge,  discharge,  and stand. 

extent to which it  is evolved depend upon seve ra l  factors  including the type of 

bat tery,  ambient temperature ,  and the charge -discharge regime to which the 

bat tery is subjec bed. 

These include decom- 

The type of gas and the ra te  and 

The phenomenon of gassing presents  a ser ious  problem in the develop- 

ment  of completely sealed ba t te r ies .  

lead to rupture  of the ce l l  ca se  and to ba t te ry  fai lure .  
High p r e s s u r e s  a r e  developed that may 

This p rogram is concerned with evaluating miniature hydrogen-oxygen 

fuel ce l l s  as devices to control p r e s s u r e  r i s e  in one special  type of bat tery,  

i. e . ,  the s i lver-zinc type. However, the resul ts  will  b e  applicable to con- 

trolling p r e s s u r e  in other high energy ba t te r ies  including the s i lver-cadmium 

and ni’ckel-cadmium types. The miniature fuel ce l l s  per form this function by 

electrochemically consuming the hydrogen and oxygen gases  inside the ba t te ry  

to f o r m  water.  Two fuel ce l l s  a r e  required f o r  this purpose a s  will be  shown 

subsequently. One is supplied externally with hydrogen to consume the oxygen 

and the other is isupplied externally with oxygen to consume the hydrogen. 

additional in te res t  h e r e  is the use of alternative types of miniature fuel ce l l s  

with solid ra ther  than gas type electrodes,  i . e . ,  s i lver  o r  mercur ic  oxide in 

place (of oxygen and zinc o r  cadmium in place of hydrogen. 

made considerable p rogres s  in developing these types of miniature fuel ce l l s  

for  this purpose. 

Of 

Astropower has  

( 2 )  

The ultimate goal of this program is to develop miniature  HZ-OZ fuel 

cel ls  to control internal p r e s s u r e  and a l so  to  monitor internal  gassing in s i l ve r -  

zinc ba t te r ies .  These objectives a r e  being me t  by a two-phase experimental  

effort. These include tes t s  of miniature fuel cel ls  in commerc ia l  s i lver-zinc 

ba t te r ies  as well a s  in specially designed bat tery s imulators  where their  p e r -  

formance can be examined under closely controlled conditions ., 
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2 .0  TECHNICAL DISCUSSION 
~ ~~ 

2. 1 Description of Miniature Fuel  Cells 

Thi:; section contains a brief description of miniature fuel ce l l s  

and methods in which they a r e  incorporated in si lver-zinc bat ter ies .  

A l l  of the cel ls  now under tes t  a r e  re fer red  to  as the "modified" 

type and have the following features .  Each contains identical platinized fuel 

ce l l  electrodes for  both anode and cathode and 30% KOH a s  electrolyte impreg-  

nated in a layer of fuel ce l l  grade asbestos.  

a r e  made f rom stainless  steel .  

that external  e lectr ical  contacts may be taken directly f r o m  the f r ames .  The 

ce l l  in Tes t  1 of Section 2 . 3 . 1  is r e fe r r ed  to as the 'Iinitial" type and was de-  

Cel l  f r ames  a r e  cylindrical  and 

Electrodes are spot welded to these f r ames  so 

scribed in the Second Quarterly Report. ( 3 )  

Several methods of incorporating the ministure fuel cel ls  in ba t -  

t e r i e s  have been employed, including the screw type, jack type, and deepinser t  

type (Figures  1 through 3) .  A manifold arrangement  has a l so  been employed 

for  p re s su re  relief in more  than one bat tery a s  shown in Figure 4. 

2.2 Performance Tes t s  on Bat ter ies  

The object of this phase of the program was to  determine capability 

of miniature fuel cells  in controlling p res su re  rise in normally vented type 

s i lver-zinc bat ter ies  when cycled in the sealed condition. 

mined by comparing the p re s su re  r i s e  in these ba t te r ies  when cycled both with 

and without miniature fuel cel ls  ., 

This was to be de te r -  

Initially it was anticipated that the internal bat tery gases  would be 

Therefore,  the f i r s t  t e s t s  were  ca r r i ed  out withone essentially pure hydrogen. 

miniature fuel ce l l  installed on the bat tery and supplied externally with oxygen. 
It was subsequently found however, that there  were  appreciable quantities of 

oxygerL evolved, especially during the initial discharge.  Thereaf ter ,  t e s t s  were  

ca r r i ed  out with two miniature fuel cel ls ,  one for consuming hydrogen and the 

other for consuming oxygen. 

The bat ter ies  that were  used for this purpose were  f r o m  Yardney 

Electr ic  Company (Yardney 15-AH-HR). 

with electrolyte pr ior  to use.  

These were  the d r y  charged type filled 
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COSY& 

F i g u r e  1 Jack-Type  ( P r e s s  Fit) Connection of Miniature  
F u e l  Ce l l  to Actual A g / Z n  Ba t t e ry  
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cOSYT I 
F i g u r e  2.  Screw-Type Connection of Miniature  

F u e l  Cel l  to Actual Ag/Zn Ba t t e ry  I 
I 
I 
I 
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F i g u r e  3 .  Deep I n s e r t  Type of Miniature  F u e l  C e l l  
Connection to Actual Ag/Zn Ba t t e ry  
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F i g u r e  4. Application of Single Miniature  F u e l  C e l l  as 

P r e s s u r e  Control ler  fo r  T h r e e  Ag/Zn Ba t -  
t e r i e s  by Means of Manifolding Arrangement  
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The fuel cel ls  were mounted near  the top of the bat tery case  with 

one electrode exposed to the battery gas head space and the other electrode 

outside the case  and connected by tubing to e i ther  a hydrogen o r  oxygen supply, 

2 . 2 . 1  ODeration without Miniature Fue l  Cells 

In this tes t  the bat tery was cycled in the sealed condition 

without miniature fuel cells .  

t e r y  vent cap directly to a p res su re  gage via plastic tubing. 

resu l t s  of this t e s t  a r e  given in Table I (See Tes t  4). 

Sealing was accomplished by connecting the ba t -  

Conditions and 

Internal p r e s s u r e  was noted to r i s e  very  rapidly during 

the in:ttial discharge to 8.5 psig and to continue to  r i s e  during subsequentcycles.  

At the end of the second charge period, with p r e s s u r e  in excess  of 15 psig, a 

rupture of cel l  components occurred and resulted in slow leakage of internal 

gases, ,  

These resul ts  show a rapid r i s e  in internal p re s su re  

when the bat tery is cycled in the sealed condition. 

found in increase progressively with cycle t ime and might have increasedmuch 

beyond 15 psig, had not the rupture occurred. This indicates substantial gas -  

sing ra tes  in this type of battery.  Much of this gassing, at least  at the ear ly  

stages, of cycling, was found to  be due to evolving oxygen (See Section 2.2.3). 

The r i s e  in p re s su re  was 

2 . 2 . 2  Operation with Miniature Fue l  Cells 

Results of three cycle tes t s  on silver-zinc ba t te r ies  

containing miniature fuel cel ls  a r e  given in Table I and a r e  discussed m o r e  

fully b e low. 

2.2.2.1 Tes t  1 

This tes t  was initiated with one miniature 

The fuel ce l l  was supplied with oxygen fuel cel l  installed on the battery.  

initially and then alternatively hydrogen and oxygen. 

Internal p r e s s u r e  was noted to r i s e  very 

rapidly during the initial discharge to  approximately 10 psig. 

gave essentially 110 response during this period while it was supplied with oxy- 

gen. 

The fuel ce l l  

When the external  gas supply was switched f rom oxygen to hydrogen, 

SM-48457-Q3 7 
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however, i ts  open circui t  voltage increased to 1.0 volt. 

on load midway 11 the discharge period a t  100 ma a t  0 .7  volt, the ra te  of p r e s -  

sure  increase was diminished and p r e s s u r e  began to decline throughout the 

following charge period. 

Upon placing the ce l l  

During the course  of subsequent cycling, the 

following observations we r e  made 

1. With hydrogen supplied to the fuel cell ,  its response was 

generally negligible except nea r  the end of each charge period. 

its out.put increased to a maximum of near ly  300 ma  and 0 . 2  volt. 

taneous increase  in internal p r e s s u r e  was observed during the end of the charge 

period. 

P r e s s x r e  was observed to decline a f te r  the end of charge with the fuel ce l l  on 

load. Output of the fuel ce l l  decreased  gradually a s  p r e s s u r e  was reduced to 

atmospheric 

At this point 

A s imul-  

In some instances this r i s e  in p r e s s u r e  was in excess  of 10 psig. 

2. With oxygen supplied to the fuel cell ,  its output was in the 

range of 0.0 to 3,, 0 m a  a t  0 . 0  to 3,O m v  throughout all portions of the cycles,  

except during s ta r t -up  t ime af te r  a few days of stand. 

the output of the fuel ce l l  increased rapidly to  a level of between 100 to  200 ma 

and 0. 1 volt. 

s u r e  was reduced f r o m  approximately 1 e 0 psig to  atmospheric 

Under these conditions 

Output decreased gradually a f te r  a few minutes as internal  p r e s -  

Based on these observations the following 

conclusions may be drawn. 

1. The high rate  ba t te r ies  generate oxygen quite rapidly nea r  

the end of charge.  

plied with hydrogen can effectivelyconsume this oxygenat ra tes  of up to 0. 7 cc  

0 /min ( th i s  i sbasedontheobservedcurren tof  200ma).  Use of suchminiature  fuel 

ce l l s  c:an effectively limit p re s su re  r i s e  to a reasonable level nea r  10 psig under 

these conditions 

A miniature fuel ce l l  with 1 , O  cm2 electrode a r e a  and sup-  

2 

2. The ba t te r ies  generate hydrogen continuously a t  ve ry  low 
2 ra tes .  

oxygen is more th.an adequate to consume a l l  of this amount of hydrogen. 

a ce l l  can also consume the hydrogen which collects during a three  day stand 

within a few minutes. 

A miniature fuel ce l l  with 1 cm electrode a r e a s  and supplied with 

Such 
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2 . 2 . 2 . 2  Tes t  2 

In this tes t  a previously used bat tery (two 

cycles) was installed with two miniature fuel cel ls .  

externally with hydrogen to consume internal  oxygen and the other was supplied 

externally with oxygen to consume internal  hydrogen. Longer cycle t imes  and 

lower cur ren ts  were  employed in this t e s t  than in previous t e s t s  (See Table I). 

One ce l l  was supplied 

Very low p r e s s u r e s  were  developed within 

the ba t te ry  during the course  of five of the indicated cycles (a maximum of 

only O., 08 psig). 

range of 0 . 0  to 1 ' 0  ma throughout all of the cycles ,  whereas  response of the 

fue l  ce:l1 supplied with hydrogen was somewhat less than the above value. 

Response of the fuel ce l l  supplied with oxygen was within the 

These results indicate that the s i lver-zinc 

ba t te ry  generates  ve ry  sma l l  quantities of gases  under the above cycle regime 

and that two miniature fuel ce l l s ,  each with 1.0 cm electrode a r e a s ,  a r e  m o r e  

than adequate to l imit  p r e s s u r e  r ise .  

2 

2.2.2.3 T e s t  3 

A new 15-Ah si lver-zinc ba t te ry  was e m -  

ployed in this second cycle t e s t  with a dual fuel ce l l  a r rangement  a s  descr ibed 

above,, 

cu r ren t s  (See Table I). 

The 1/2 Iir - 1 h r  cycle was again employed a s  in T e s t  1 but at lower 

Observed phenomena during this tes t  were  

similar to those in Tes t  1. 

during init ial  discharge but to a lower level than in T e s t  1. Response of the 

fuel c e l l  supplied with hydrogen was higher during init ial  discharge and a l so  

a t  the end of each charge cycle than a t  other t imes  throughout the cycles.  

put of this fuel cel l  during initial discharge was effective in limiting p r e s s u r e  

r i s e  tcl 4 , 5  psig. 

range of 0 .0  to 2.0 m a  at  0 .0  to  2 . 0  m v  a t  a l l  t imes during the cycles  except 

at the point of s ta r t -up  a f te r  a three-day stand. 

formance during 1;his period a r e  given in F igure  5. 

he re  the bat tery had been charged p r io r  to stand and is therefore  indicated to 

be on discharge a t  the indicated s t a r t  t ime.  

ponse of the fuel ce l l  supplied with 0 

Internal p r e s s u r e  was again noted to increase 

Out- 

Response of the fuel cel l  supplied with oxygen was within the 

Fue l  ce l l  and ba t te ry  p e r -  

F o r  the c a s e  descr ibed 

As shown in F igure  5,  the r e s -  

increased rapidly to and maintained 2 
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a cu r ren t  level of 83 ma at 0 . 6  volts throughout the discharge period. 

p r e s s u r e  was simultaneously observed to decrease f rom 3.0 psig to a tmos-  

pheric during this; period. Response of the ce l l  supplied with €-I2 was at a level 

of 1.0 ma and 1.0 mv  throughout this period., A s  before,  these resu l t s  indicate 

that hydrogen is the predominant gas formed on stand and that the fuel ce l l s  can 

effectively consuine this hydrogen a s  well as a smal l  amount of oxygen in a 

relatively s ho rt t ime 

Internal 

2.2, 3 Gassing During Initial Discharge 

A s  mentioned previously, internal ba t te ry  p re s su re  was 

noted to increase  very rapidly during the initial discharge.  

indicated that the r i s e  in p re s su re  was due mainly to oxygen evolution. 

o r d e r  to reaff i rm this conclusion a new 15-Ah ce l l  was placed on discharge and 

the evolved gases  were  collected by displacement of water.  

gas were then analyzed chromatographically and gave the following resul ts .  

Fue l  ce l l  response 

In 

Samples of this 

Component Volume Yo 

13.3 

45.0 

41. 7 

H2 

O2 

N2 

These resul ts  r ea f f i rm that oxygen is the predominant 

species  evolved on initial discharge,  

The presence of nitrogen is explained of course by the  fact  that the ce l l  is filled 

with air at  the start of the test .  An estimated oxygen evolution ra te  during this 

tes t  was 2 cc 0 /mino  2 

2.3 Life T e s t s  

A small amount of hydrogen is also noted. 

The object of these tes t s  is to determine operational life of minia- 

ture  fuel ce l l s  a s  a function of both cel l  configuration and operational parame-  

t e r s .  

continuous operat ion. 

Design goals ca l l  for  a miniature fuel ce l l  with a life of 5000 hours of 

The t e s t s  are run in specially designed bat tery s imulators  de-  

scr ibed in the previous Quarterly Report  2. (3) The t e s t s  a r e  divided into two 

groups,  depending upon the mode of gas flow. 

and the dead end mode. 

a r e  presented in Tables 11, 111, and IV. 

These a r e  the open flow mode 

Tes t  resu l t s  obtained during the cur ren t  repor t  period 

SM -4845 7 - Q3 12 
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TABLE IV 

LIFE TESTS O F  MINIATURE F U E L  CELLS IN DEAD END 
MODE O F  OPERATION WITH WICKS 

Tes t  
No. 

Fuel Cell  
Type 

Mo dif:t ed 

1 1  

1 1  

1 1  

1 1  

I1 

Electrode 
Area 
(cm2) 

1 . 0  

1 . 0  

5 . 0  

0. 25 

5 . 0  

0.25 

Current  

( m a / c m  De nsi t5 ) 

5 

15 

5 

5 

15 

15 

Potential  
(volts)  

0. 90 

0 .75  

0 . 9 0  

0. 74 

0 .  65 

0. 52 

T ime  - (hrs)  

301 1 

2387 

1900 

1900 

336 

33 6 
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2 . 3 , l  Open End Flow without Wicks 

These tests have been c a r r i e d  out in the plastic bat tery 

s imulators  shown schematically in F igure  6. 
slowly and continuously into the anode and cathode compartments.  

gases  that a r e  not consumed a r e  vented to the atmosphere.  

continuously acrcbss a fixed load resis tance.  

complete polarization curve a r e  measured  periodically. 

Hydrogen and ox'ygen a r e  passed 

Excess  

The ce l l s  a r e  run 

Operating voltage a s  well as a 

The cel l  in T e s t  1 has  continued to function satisfactorily,  

but at a slightly reduced output throughout this quarter .  

to date: is 5525 hours ,  which is somewhat m o r e  than the design goal of 5000 

hours .  

Total  operating t ime 

The t e s t  , w i l l  be  continued. 

Tests 2 through 5 inclusive, were  terminated during the 

last qu.arter due to slow degradation. 

American Cyanamid A. A. - 1 electrodes a s  described in the last quarter ly  

report .  

This was attr ibuted to the use of the 

T e s t s  6 and 9 contain American Cyanamid electrodes 

Types A.B. - 6  and A.B. -40, respectively,  and a r e  both operated a c r o s s  1000- 

ohm loads. Both cel ls  have continued to exhibit s table  performance throughout 

this  quar te r  (over 3300 hours)  with operating voltage in Tes t  9 being slightly 

higher (0.05  volt)^ than that of Tes t  6. 

T e s t s  14 and 19 containing American Cyanamid electrodes 

Type A.B. -40 anti A.B. - 6 ,  respectively,  were  both operated a c r o s s  100-ohm 

loads. 

formance under the above conditions for  over 2800 hours.  

Cel ls  in both of the above tes t s  have continued to exhibit stable p e r -  

The significant parameter  fo r  T e s t s  20 and 2 1  is e lec-  
2 t rode a.rea. Active electrode a r e a  in T e s t  20 is 0.25 c m  , o r  1./4 of that 

L 
employed in the a'oove tes t s ;  active a r e a  in T e s t  21  is 5 . 0  cm , or  five t imes  

that employed in the above test. 

Electrodes in both of these t e s t s  a r e  American Cyanamid 

Performance of the cel l  in Tes t  20 (with sma l l e r  a r e a )  has  r e -  Type A . . B .  -40. 

mained. constant t:nroughout this period, nea r  0.95 volt, for  over  2600 hours.  

SM- 48457 - Q3 16 
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Figure 6. Schematic Diagram of Open Flow Tes t s  
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Performance of the ce l l  in T e s t  21 (with l a rge r  e lectrodes)  has  dropped some-  

what during the quar te r  f r o m  0 . 9 5  volt to 0 .60  volt. This may  possibly be ex-  

plained. by flooding due to inadequate flow of gas  for evaporating product water.  

In a ba t te ry  application this problem would be  resolved by  wicking product 

water  to the ba t te ry  electrolyte.  

The only new life tes t  initiated in this group during the 

The distinguishing feature  of this ce l l  is its new c a s e  and quarter  is Tes t  2’7. 

cover  design. 

r e l i a b k  gas seals  and eas i e r  method of assembly. 

stable performance nea r  0.88 volt while discharging a c r o s s  a 1000-ohm load 

fo r  1800 hours .  

in ba t te r ies  descr ibed in Section 2.4. 

These components have been slightly modified to give m o r e  

The ce l l  has  exhibited 

This cell  design is being employed in the p r e s s u r e  relief tes t s  

2 . 3 . 2  Dead End Flow with Wicks 

The purpose of these t e s t s  is  to  evaluate the use of wicks 

in t ransfer r ing  product water  f r o m  the fuel cel l  to the ba t te ry  electrolyte.  

Such water  t ransfer  is a necessity for  long t e r m  operation of the fuel ce l l  

where electrode flooding could limit performance. 

The t e s t s  have been c a r r i e d  out in a simulated bat tery 

environment consisting simply of a sma l l  Ehrlenmeyer  f lask  filled with hydro- 

gen and containing a small amount of potassium hydroxide solution (See F igure  7 ) .  

The fuel ce l l  is mounted in a rubber  stopper and fitted into the rnouth of the 

flask.  

addition of a wick. 

lyte through a small hole cut in the middle of the hydrogen electrode and the 

o ther  end is suspended in the simulated ba t te ry  electrolyte which is 30% KOH. 
Wick ma te r i a l  is f rom the American F e l t  Company, Number 61NY185, and is 

cut  in tine f o r m  of a thin s t r i p  approximately 1/ 16 inch x 1 / 8  inch x 6 inches. 

Electrodes a r e  American Cyanamid Type A. B. -40 with active a r e a  of 1.0 c m  . 

The fuel cel ls  a r e  the modified type descr ibed in Section 2. 1 with the 

One end of the wick is in contact with the fuel ce l l  e lectro-  

2 

Operating methods to achieve the dead end mode were  

given previously. (2) The cel ls  have been run a t  constant cu r ren t  with daily 

adjustrrient of load on a decade resis tance box. The resu l t s  a r e  given in 

Table I:[. 
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The resul ts  indicate that a miniature fuel ce l l  with 
2 1 . 0  cni 

rent  densit ies of a t  least  15 m a / c m  for  a t  least  2300 hours.  

effectively wicked at this ra te  to maintain stable cel l  performance. 

lower cur ren t  density of 5 m a / c m 2  (Tes t  1) performance has been found to  be  

very  stable for  a still longer operating t ime of over 3000 hours.  

electrode a r e a  (Tes t  2) can operate effectively in this manner at c u r -  
2 Product  water  is 

At the 

Performance of cel ls  with both l a rge r  (Tes t  3) and smal le r  

(Tes t  4) c r o s s  sectional electrode a r e a s  is noted to be quite stable for  at least  

1900 hours.  

electrode a r e a s  a t  5 .0  c m  

Therefore ,  product water  is effectively wicked f rom cel ls  with 
2 2 and 0.25 cm in this manner.  

2 At a higher cur ren t  density of 15 ma/cm the operating 
2 voltages of cel ls  .with 0.25 and 5 .0  cm 

fo r  over 300 hours  but at somewhat lower voltage levels than w a s  observed a t  

lower cur ren t  densit ies.  

electrode a r e a s  are  relatively stable 

2.3. 3 Fue l  Cel l  Size Versus  Gas Consumption Capability 

An important goal of this p rogram is to  establish a re la -  

tionship between the s ize  of a miniature fuel cel l  and i ts  gas  consumption capa-  

bility. 

date th.e gassing ra tes  that may be encountered in any s ize  bat tery under any 

mode of ope ration. 

This will permi t  accurate  sizing of the miniature fuel cel l  to accomo- 

Results to  date indicate that during the initial s tages  of 

operation (the f i r s t  100  hours)  the voltage-current charac te r i s t ics  of the minia- 
2 t u re  ce l l s  a r e  independent of electrode size in the range of 0.25 to 5 .0  c m  . 

During this t ime then it may be shown that the gas consumption capability is 

directly proportional to  fuel cel l  electrode a r e a ,  

expressed by  the following equation: 

This relationship may be 

R = 0.42 i A  

R = hydrogen consumption capability, cc H2/hr  

i = curren t  density, m a / c m  

A = electrode a r e a ,  c m  

2 

(1) 
2 

This follows from the principles of electrochemical 

equivalence shown to be applicable here .  The above relationship then gives 
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the des i red  correlat ion between fuel cell  s ize  and gas consumption capability 

at least  fo r  the initial phases of operation and a t  relatively low cur ren t  den- 

s itie s (, 

F o r  extended operating t imes  at low cur ren ts  o r  fo r  

shor te r  operating t imes  at high cur ren ts  the above relationship must  be modi- 

fied due to the problem of removing product water .  

effect on the voltage-current charac te r i s t ics  of the cel l  and its corresponding 

gas consumption capability. 

to t ransfer  product water  to the bat tery electrolyte. 

that miniature cells with electrode cross-sect ional  a r e a s  of 0.25 to 5.0 c m  

can operate effectively with wicks at  cur ren ts  of at least  5 ma/cm 

periods.  
and 1.6 cc H / h r  fo r  cel ls  with electrode a r e a s  of 0.25 and 5 . 0  cm 2 
tively. 

r a t e s ,  for  extended t imes.  

This has a pronounced 

This problem is being resolved by the use of wicks 

Results to date indicate 
2 

2 for  extended 

This cclrresponds to hydrogen consumption capabilities of 0.53 cc H2/hr  
2 

respec-  

Additional tes t s  a r e  in progress  to determine capabilities a t  higher 

Finally it should be pointed out that the short  t e r m  gas 

2 
consurnption capabilities a r e  exceedingly high with respect  to  anticipated ba t -  

t e r y  gassing rates .  A ce l l  with a cross-sect ional  electrode a r e a  of 1.0 cm , 
f o r  example, has been shown to be capable of operating a t  cu r ren t s  up to 

300 ma, which is (equivalent to  a corresponding hydrogen consurnption ra te  

126 cc H2/hr .  

2 .4  Hydrogen Oxygen Mixture Studies 

It hELs been shown in previous sections that both hydrogen an( 

of 

oxygen a r e  formed in a s i lver-zinc bat tery during normal  operating conditions. 

Therefore ,  in a bat tery application, the miniature fuel ce l l  will be exposed to 

mixtures  of these gases .  

miniature cel ls  with these gas mixtures,  a s e r i e s  of t e s t s  was car r iedoutwi th  

miniature fuel ce:.ls in bat tery simulators.  

tablished in these t e s t s  during the quarter  as describedbelow. 

Since very little is known about performance of 

Three  significant points were  e s -  

1 .  It was found that a miniature ce l l  can operate effectively on 
mixtures  of H2 and 0 2  in its anode for extended t imes.  

2. It was found that a miniature fuel cel l  consumes H2 in a mix- 
ture  mainly by electrochemical action. 
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3 .  A relationship was established between open circui t  voltage 
and gas composition. 

2 .4 .1  Operation with Mixtures in Anode 

These t e s t s  have been ca r r i ed  out in an assembly  s imi la r  

to that shown in Figure 7 .  

in turn is inserted into a 250-ml Ehrlenmeyer  flask. 

a c r o s s  the exterral ly  located fuel  cel l  cathode while the internal  anode is in 

contact with H2-02  mixtures  inside the flask. 

flushirig the f lask with these gases  at p r e - s e t  flow ra tes .  

f lask is sealed off on the inlet and exit so  that the anode is operating in a dead- 

end mode of operation. 

Section 2. 1 and contains American Cyanamid electrodes Type A. B. -40 for  both 
anode and cathode. A wick is employed to t ransfer  product water f rom the fuel 

ce l l  to a simulated ba t te ry  electrolyte (a small amount of 30% KOH solution in 

the bottom of the flask).  

and therefore  changes the composition of the gases  within the f lask with t ime. 

The extent of this change is minimized by periodic flushing with the H2 and O2 

gases  to give the initial composition. 

with an essentially constant gas composition. 

The fuel cel l  is mounted on a rubber stopper which 

Oxygen is passed slowly 

These mixtures  a r e  preparedby 

After flushing, the 

The fuel ce l l  is of the modified type described in 

During operation, the fuel ce l l  consurnes hydrogen 

In this manner each run is ca r r i ed  out 

Under these conditions, the micro  fuel  ce l l  has been able 

to per form for  over  720 hours without any apparent degradation. in performance. 

The performance level is proportional to the concentration of hydrogen in the 

anodic mixture.  

2.4.2 Chemical and Electrochemical Reaction 

A second gas mixture study was initiated on the apparatus 

shown schematically in F igure  8. 

dual fuel ce l l  arrangement ,  one for consuming O2 and the other  for  consuming 

H2. 
respectively,  and the internal electrodes were  exposed t o  gas mixtures inside 

the sirnulator (actually, a small plastic container with volume of approximately 

50 cc) .  Operation was ca r r i ed  out in a similar manner  to that described above, 

i. e ,  , the simulator was filled with a given mixture  of H and 0. by flushing 

with these gases  a.t p r e - s e t  flow ra t e s  and the simulator was then sealed off 

The object he re  was to t e s t  functionality of a 

T'he external e lectrodes of each of the cel ls  were  supplied with H2 and 02, 

2 r! 
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F i g u r e  8. Dual F u e l  C e l l  Ar rangemen t  
in Ba t t e ry  Simulator  
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with one p r e s s u r e  tap  to a manometer.  

with 1 . 0  c m  
The fuel cel ls  contained 

active electrode and were  run a t  constant cur ren t .  
2 

e le ct r ode s 

Results of these t e s t s  a r e  a s  follows: 

1 .  With a stoichiometric mixture of H and 0 in the 2 2 
simulator (66 -2 / .370  H2 and 33-1/370 02) the output of the fuel ce l l  supplied 

with O2 was near  5 .0  ma a t  0.8 volt, whereas output of the fuel ce l l  supplied 

with H was a fraxtion of a mil l iampere at a fraction of a millivolt. 

was noted to decline quite rapidly within the simulator under these conditions 

f r o m  atmospheric: to near ly  200 mm Hg above atmospheric in a few minutes. 

P r e s s u r e  2 

2, With an oxygen rich mixture ( 6 6 - 2 / 3 7 0  O2 and 

33-1/37’0 H2), the output of the fuel cel l  supplied with H 

0.8 volt, whereasi the output of the fuel  cell supplied with O2 w a s  a fraction of 

a mil l iampere at a fraction of a millivolt. 

but a t  ,a somewhat lower r a t e  than the pr ior  run with a stoichiometric mixture.  

The  ra te  of p r e s s u r e  decline decreased with t ime and the p r e s s u r e  ultimately 

reached a plateau. 

was near  5 .0  ma a t  2 

The p r e s s u r e  was noted to decline 

It appears  f rom the work that the ra te  of p r e s s u r e  

decline can be governed by the composition of gas mixture  involved. 

this  mat te r  would require  fur ther  investigation as the ra te  of gas  consumption 

by  each fuel cell  is regulated by  various pertinent fuel cell  operational pa rame-  

t e r s  such as i t s  external  res is tance.  

However, 

2.4.3 Effect of Mixtures on Open Circui t  Voltage 

Another s e r i e s  of runs was c a r r i e d  out to determine the 

effect of anode gas  composition on open circui t  voltage. 

c a r r i e d  out in the apparatus shown schematically in F igure  7 .  

slowly to the cathode s ide of the micro  fuel ce l l  in the open flow mode. 

t u re s  of hydrogen and oxygen were  a l so  fed in the open flow mode into the 

Erh1en:meyer f lask in which the anode side of the fuel ce l l  was immersed .  

Desired gas  compositions were  s e t  by varying the flow ra t e s  of the H2 and 02. 

Exact  c:ompositior s were  determined periodically by chromatographic analysis  

of the exit gas  s t r eam.  

Packard  vaccum tube voltmeter.  

These t e s t s  were  

Oxygen was fed 

Mix- 

Open circui t  voltages were  measured  with a Hewlett- 

SM-48457 - Q3 24 



Resul ts  of the t e s t s  a r e  given in F igure  9. With pure 

hydrogen in the anode, open c i rcu i t  voltage (OCV) is noted to be 1.07 volts,  

This i s  in accord with other H -0 

oxygen content wits increased  the OCV was noted to decrease  gradually a t  f i r s t ,  

and then very  rapidly at a composition of approximately 8670 H2 and 1470 02. 

At this composition, the OCV decreased  f r o m  1.03 volts to 0.25 volt. 

OCV was then noted to dec rease  gradually with increasing O2 content to z e r o  

volt for  pure oxygen. The s a m e  OCV charac te r i s t ics  were  obtained by  varying 

the gars compositions, s tar t ing with pure oxygen and gradually increasing the 

h yd r og e n c on t e nt . 

fuel ce l l  data in alkaline media.  (4) As 2 2  

The 

Now, it appears  that  the mic ro  fuel ce l l  is capable of 

affording a quantitative measu re  of gas  concentrations. 
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Figure  9. Effect of Composition of Anode Gas on Open 
Circui t  Voltage of H 2 - 0  Fue l  Cel l  2 

I 1 1 

0 Starting with pure H2 and 
gradually increasing 0 2  content 

c3 Starting with pure 0 2  and 
gradually inc r eas ins  H2 content 

Notes 

1. T e m p =  25 C 

2. Employ pure O2 in  cathode 

3 .  Employ open flow for  both 
anodic and cathodic gases  

0 
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3 . 0  PROGRAM FOR FOURTH QUARTER 

1. Performance t e s t s  of miniature ce l l s  in 15 Ah s i lver-zinc ba t te r ies  

will ble continued under different cycle conditions fo r  the battery.  

2. Fifteen miniature fuel cel ls  will be  fabricated for delivery to 

NASA Goddard. 

3 .  A l l  existing life tes t s  will be continued throughout the next quar te r  

o r  until fa i lure  occurs .  
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5.0 NEW TECHNOLOGY 

There  were  no new developments during this report  period. 
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